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[57] ABSTRACT 

A method and apparatus for examining a subject by 
applying radiation to the subject in synchronism with a 
cardiac beat phase of the subject, wherein a digital 
subtraction is carried out between a mask image and a 
contrast image derived from the detected radiation 
which passed through the subject. Cardiac beat phase is 
detected by measuring the time-elapse characteristic 
data of image concentration. Based on the measuring 
time-elapse characteristic data, amplitude and phase 
images of the cardiac are calculated and displayed. 

17 Claims, 10 Drawing Figures 
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METHOD AND APPARATUS FOR MEASURING A 
BIOLOGICAL FUNCTION OF A SUBJECT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method and appara 

tus for measuring a biological function of a subject, e.g., 
a cardiac amplitude image and/or a cardiac phase image 
of the subject, using radiation, and more particularly to 
such a method and apparatus employing digital image 
processing. 

2. Description of the Prior Art 
A conventional radiation diagnostic apparatus, e.g., 

an X-ray diagnostic apparatus for obtaining X-ray im 
ages of circulatory organs by using an X-ray contrast 
medium, is disclosed as in US. Pat. No. 4,204,225 and 
US. Pat. No. 4,204,226 to Mistretta issued on May 20, 
1980. 

In an apparatus of this type, a digitally subtracted 
image is obtained between a mask image, i.e., an X-ray 
image taken before injection of an X-ray contrast me 
dium to the circulatory organs, and a contrast image, 
i.e., an X-ray image taken after injection, so as to diag 
nose a region of interest in the circulatory organs. 
However, in such an apparatus, it is very difficult to 

evaluate the biological cardiac function, i.e., cardiac 
amplitude and cardiac phase, etc., as the cardiac move 
ment. It is impossible to evaluate the biological function 
quantitatively because, in the above conventional appa 
ratus, an operator only observes the successive cardiac 
movement images on a monitor. 

Furthermore, in a conventional apparatus, digital 
arithmetic operations such as addition or subtraction of 
the acquired images taken before and after injection of 
the X-ray contrast medium are performed on these 
images without taking account of natural pulsations of 
the circulatory organs. For this reason, undesirable 
artifacts occur due to differences among the cardiac 
beat phases in the diagnostic images. In addition, since 
an improvement of the concentration resolution is per 
formed by adding images of different cardiac beat pha 
ses, the spatial resolution of these added images be 
comes low. Therefore, evaluating the biological func 
tion is hampered. 

In the ?eld of the nuclear medicine diagnosis, the 
journal titled “Kakuigaku” (produced by Hisato Maeda 
et al), the 19th, No. 5, pages 765-776, discloses a soft 
ware method for obtaining the cardiac amplitude image 
and the cardiac phase image as a nuclear medicine 
image (i.e., a radioisotrope distribution image) using 
Fourier function development. 
However, in the collection and preprocessing of im 

ages there is a difference between a digital fluoroscopy 
and the nuclear medicine. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a novel radiation diagnostic method and appa 
ratus for producing sharpened images without artifact 
due to differences in the cardiac beat phases. 
Another object of this invention is to provide a novel 

radiation diagnostic method and apparatus which can 
quantitatively produce a diagnostic image including 
biological function information. 
These and other objects are achieved according to 

the invention by providing a novel method for measur 
ing a biological function of a subject and a novel appara 
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2 
tus for implementing the method, including means for 
obtaining a plurality of mask images in a complete car 
diac period before an X-ray contrast medium arrives at 
a region of interest in the subject, means for obtaining a 
plurality of contrast images in another complete cardiac 
period after the X-ray contrast medium arrives at the 
region of interest; means for producing background 
removed imaged substantially affected by the contrast 
medium by subtracting the mask images from the con 
trast images in synchronism with cardiac phase; means 
for approximating a time-change of the background 
removed images into at least a first Fourier component 
image of the Fourier series thereof; and means for calcu 
lating at least one image of amplitude and phase of the 
?rst Fourier component image. 
The method and apparatus according to the present 

invention can produce the amplitude image and the 
phase image of the cardiac beat movement from the 
X-ray penetration images during at least one cardiac 
beat period before and after the injection of the contrast 
medium, and these images can be displayed on the mon 
itor quickly, whereby biological function of the heart 
can be measured and diagnosed quantitatively. 

Furthermore, the acquired images are subtracted by a 
time-filtering process based upon the cardiac beat per 
iod. Therefore the present invention can produce the 
amplitude image and the phase image of the heart with 
high precision and without the artifact due to cardiac 
pulsatory movement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and 
many of the attendant advantages thereof will be 
readily obtained as the same becomes better understood 
by reference to the following detailed description when 
considered in connection with the accompanying draw 
ings, wherein: 
FIG. 1 is a schematic diagram of an X-ray diagnostic 

apparatus according to one preferred embodiment of 
the present invention; 
FIG. 2 is a block diagram of an internal circuit of the 

image processing unit 4 shown in FIG. 1; 
FIG. 3 is a functional block diagram of an internal 

circuit of the background removing device 23 shown in 
FIG. 2; 
FIG. 4 is a block diagram of an internal circuit of the 

device 24 for producing biological function images; 
FIG. 5 is a block diagram illustrating operation of the 

time filtering device 242 provided within the biological 
function device 24 shown in FIG. 2; 
FIG. 6, is a block diagram of an amplitude imaging 

device 11 and a phase imaging device 12 provided 
within the biological function device 24 shown in FIG. 
2; 
FIG. 7 is a timing diagram explaining operation of the 

preferred embodiment of the invention; and, 
FIG. 8 is a block diagram of an internal circuit of the 

timing controller in conjunction with the cardiograph 
unit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to the drawings, wherein like refer 
ence numerals designate identical or corresponding 
parts throughout the several views, and more particu 
larly to FIG. 1 thereof, which is a block diagram show 
ing one embodiment of an X-ray diagnostic apparatus 
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according to the present invention, an X-ray generator 
1 projects X-ray radiation into a subject 2. An X-ray 
detection unit 3 is arranged opposite the X’ray genera 
tor 1 with the subject 2 therebetween. The X-ray detec 
tion unit 3 converts an X-ray transmission image into an 
analogue X-ray image signal. The X-ray detection unit 
3 ‘includes an image intensi?er for the X-ray transmis 
sion image, an optical system for guiding an optical 
image provided from the image intensi?er, a TV camera 
sensing the optical image guided by the optical system, 
and an A/D converter for converting an analogue sig 
nal provided from the TV camera into a digital signal. 
The optical image into which the image intensi?er con 
verts the X-ray transmission image is sensed by the TV 
camera to obtain a analogue signal representing the 
X-ray transmission image. The obtained analogue sig 
nal, i.e., a video signal, is converted into digital data by 
the A/D converter. The digital data is converted into a 
logarithmic value by a log converter. 
An image processing unit 4 receives the digital data 

of ‘the X-ray transmission image provided from the 
image detection unit 3, and stores the digital data for 
each frame of the television video. Images of the respec 
tive frames corresponding to a stored image taken be 
fore the injection of a contrast medium are digitally 
calculated so as to obtain an image representing a por 
tion in which an image concentration changes in a pre 
determined region of interest. An image display unit 5 is 
connected to the image processing unit 4 so as to display 
the processed data provided from the image processing 

-- unit 4. The image display unit 5 includes a D/A con 
:J’verter (not shown in detail) for converting the digital 
‘data from the image processing unit 4 into analogue 
signals and a display for displaying the analogue signals. 
Also provided is a timing controller 6, having a cen 

tral processing unit (CPU), for controlling each unit. 
A system console 7 having selection keys is provided 

-~ for setting operation parameters, such as the exposure 
:econdition, the image processing mode and the control 
.::sequence, for example, with respect to a diagnostic 
v.asportion of the subject 2. The operation parameters are 
:previously programmed in the timing controller 6. 
An X-ray control unit 8 is coupled to the timing con 

troller 6 and controls the X-ray generator 1 so as to 
generate X-ray radiation in response to a control signal 
provided from the timing controller 6 according to 
operation parameters set by the system console 7. 
An injection unit is provided for injecting a predeter 

mined amount of the X-ray contrast medium into a 
blood vessel of the subject 2 at a predetermined time 
under control of the timing controller 6. 
The image processing unit 4 will be described in more 

detail hereinafter. 
As shown in FIG. 2, the image processing unit 4 

includes an image processing controller 20, a device 21 
for producing time-elapsed characteristic data of image . 
concentration, a device 22 for detecting a cardiac beat 
period, a background removing device 23, a device 24 
for measuring biological functions, an image storage 
section 25 for storing image data before and after pro 
cessing, and a selector 26. The image processing con 
troller 20 generated a control signal for controlling the 
sequential operation of the respective devices in the 
image processing unit 4 in response to a control signal 
C1 derived from the controller 6. The image processing 
controller 20 receives cardiac period and phase data of 
the subject 2 detected by the device 22 for detection of 
the cardiac beat period through a control line u. The 
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4 
image processing controller 20 supplies control signals 
to the background removing device 23, the device 24 
for measuring biological functions, the image storage 
section 25, and the selector 26 through control lines p3, 
p4, Q1 to QN and R, respectively. 
The device 21 for producing time-elapse characteris 

tic data of image concentration receives image data 
provided from the X-ray detection unit 3 through a data 
bus DB1, image data provided from the image storage 
section 25 through a data bus DB3 and DB4, as de 
scribed hereinafter, and measures time-changes of the 
image concentration averaged within a region of inter 
est (ROI) i.e., a heart portion, determined by the timing 
controller 6, thus stores these time changes in one of the 
frame memories, and images of the ROI in other frame 
memories of the image storage section 25. 
The device 22 for detecting cardiac beat period re 

ceives data on time-changes of image concentration 
obtained by the device 21 and stored in the frame mem 
ory so as to obtain a time instant representing maximal 
and minimal values of the image concentration from the 
time-elapse characteristic data, thereby detecting a per 
iod of cardiac beat and a change therein to detect the 
arrival of the contrast medium at the ROI. The device 
22 then provides the relationships between the image 
numbers and the changes in the cardiac beat phases to 
the image processing controller 20 through the control 
line u. 
The image storage section 25 includes N frame mem 

ories. A desired of the N frame memories is selected in 
response to frame output Q1 to QN from the image 
processing controller 20. A plurality of image data sup 
plied through a data bus DB2 are sequentially stored at 
addresses in the selected frame memory by control of 
the image processing controller 20 and supplied onto 
the data buses DB3 and DB4. It should be noted that the 
data buses DB1, DB3 and DB4 are selected by a control 
signal from the processing controller 20. 
As shown in FIG. 3, the background removing de 

vice 23 includes multipliers 231 and 232 and an adder 
233. The image processing controller 20 controls a mul 
tiplying operation of ?lter or weighting coefficients G1 
and G2 in the multipliers 231 and 232 of the background 
removing device 23 through the control line p3. The 
multiplier 231 receives the mask image data before the 
contrast medium arrives at the ROI through the data 
bus DB3. It multiplies the mask image data by the 
weighting coef?cient G1 and supplies the product to 
the adder 233. The multiplier 232 receives the contrast 
image data after the contrast medium arrives at the ROI 
and at the same phase of the mask image data, through 
the data bus DB4. It multiplies the contrast image data 
by the ?lter coef?cient G2. The product is then sup 
plied to the adder 233. The adder 233 adds these two 
products from two image data from the multiplier 231 
and 232 so as to remove background which is not af 
fected by contrast medium, and supplies the back 
ground removed image data SI(i) to the image storage 
section 25 through the data bus DB2. 
As shown in FIG. 4, the device 24 for measuring 

biological functions includes an input selector 241, a 
time ?ltering device 242, a biological function calcula 
tor 243 and an output selector 244. The input selector 
241 selects one of the data buses DB1, DB3 and DB4, 
and the selector 241 supplies data from the selected bus 
to either of the time ?ltering device 242 or the biologi 
cal function calculator 243 in accordance with the con 
trol signal P4 from the image processing controller 20. 
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The output selector 244 similarly selects one of the 
supplied outputs from either the device 242 or the cal 
culator 243 in accordance with the control signal P4. 
The device 24 is controlled by the image processing 
controller 20 as as to receive the image data through the 
data bus DB1, DB3 and DB4. The device 24 includes 
the time ?ltering device 242 for calculating a coef?cient 
of Fourier series as shown in FIG. 5, the cardiac ampli 
tude imaging device 11 and the cardiac phase imaging 
device 12 as shown in FIG. 6 to measure biological 
functions. The devices 11 and 12 are controlled by the 
signals of the image processing controller 20. 
The time ?ltering device 242 includes multiplier 

block 72#1 having multipliers 72a, 72b and adder 72c. 
The multiplier 72a is given the zero-cleared image data 
SI(0) through the data bus DB3 previously stored in the 
storage section 25. The background removed image 
data 81(1) of the ?rst phase position are applied to the 
multiplier 72b through image data bus DB4. Then, 
weighting coef?cients F0, F1 are multiplied to the re 
spective image data applied to the multipliers 72a, 72b. 
Each of the multiplied image data is then supplied to the 
adder 720 for addition thereby. 
The adder 72c calculates the image data of [F0 

SI(0)+F1 (SI(1)]. The zero-cleared imge data SI(O) are 
all zero and F0 is 1. So the adder 720 produces the 
image data F1 Si(1). The image data F1 SI(l) is added to 
the next phase of image data SI(2) multiplied by coef? 
cients F2 by the block 72#2. The block 72#2 produces 
the image data [F1 SI(1)+F2 81(2)]. This operation is 
repeated over the complete cardiac period, i.e., until the 
image data SI(K), where K indicates the number of 
image frames collected in one cardiac beat period. 
Thus the device produces the time ?ltered image 

given by the following equation (1): 

K . (1) 

TI: elm-s10) J: 

In equation (1), when the weighting coef?cients (F) 
are de?ned by the following equation: 

image data “al” are calculated. When the weight coef? 
cients (Fj) are de?ned by the following equation; 

“b1” image data are calculated. Both a1 and b1 image 
data are temporarily stored in the section 25. 
The cardiac amplitude imaging device 11, as shown 

in FIG. 6, includes two squaring device 111, 112, adder 
113, square root calculation device 114 and gray-level 
converter 115. The a1 image data after application to 
the squaring device 111 through the image data bus 
DB3 from the image storage section 25 is squared by 
device 111. Similarly, the b1 image data applied to the 
squaring device 112 through the image data bus DB4 
from the image storage section 25 is squared by device 
112. Then, both the al and the b1 squared image data 
are added to each other by the adder 113. Thereafter, 
the square root of the added image data is calculated 
and is then converted to a gray-level by the gray-level 
converter 115. The output of converter 115' is amplitude 
image AI. The amplitude image AI is stored in the 
image storage section 25 via the image data bus DB2. 
The cardiac phase image device 12, as shown in FIG. 

6 includes a reciprocal device 121, multiplier 122, are 
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6 
tangent calculation device 123 and gray-level converter 
124. The b1 image data is applied to the multiplier 122 
via the image data bus DB3 from the image storage 
section 25, and the al image data is applied to the recip 
rocal device 121 via the image data bus DB4 from the 
image storage section 25. Therefore the al image data 
are converted into reciprocal image data (l/al) and are 
applied to the multiplier 122. 
The multiplier 122 multiplies the reciprocal image 

data (l/al) by image data b1 and the arc-tangent of the 
product is calculated by the arc-tangent calculation 
device 123. The arc-tangent data are converted into a 
gray-leveled image (e.g., 256 gradients) by the gray 
level converter 124. This image, designated as a phase 
image PI, is stored in the section 25 via the image data 
bus DB2. 
The selector 26 shown in FIG. 2 includes a selection 

switch and selects one of the buses DB3 nd DB4 in 
response to a control signal R generated by the image 
processing controller 20. The selector 26 supplies the 
selected A1‘ and P1 image data to the image display unit 
5 via the image data bus DB5. 
Next described is the operation of the abovemen 

tioned embodiment. 
First, the procedure of acquiring images taken before 

and after the injection of the X-ray contrast medium, 
i.e., mask and contrast images (MI(i), CI(i)), are de 
scribed. 
The system console 7 is provided with an image ac 

quisition routine key (not shown in detail) to initiate 
acquisition of the images before and after the injection 
of the contrast medium. When the image acquisition 
routine key and a diagnosis region selection key also 
positioned in the system console 7, are operated, then 
the system controller 6 selects a predetermined image / 
acquisition sequence, and X-ray projection conditions 
are applied to the X-ray control unit 8, thereby estab 
lishing parameters for projecting the X-ray. The con 
troller 6 then sets the contrast medium injection unit 9 in 
the standby mode. Parameters are set so that the X-ray 
detection unit 3, the image processing unit 4 and the 
image display unit 5 operate in the standby mode. 
When the image acquisition routine key is operated, 

the injection unit 9 is energized and the X-ray contrast 
medium is injected into the subject. 

Next, under control of the X-ray control unit 8, X-ray 
radiation is irradiated and penetrates the subject before 
the contrast medium flows into the ROI. The X-ray 
radiation penetrated through the subject 2 is detected 
by the X-ray detection unit 3. Thereafter it is converted 
into analogue electrical signals, and the analogue elec 
trical signals are converted into digital electrical signals. 
These signals are applied to the image processing unit 4 
through the image data bus DB1. 
The image data obtained in the above-mentioned 

operation are ?rst applied to the image concentration 
device 121 and are stored in the predetermined address 
area in the image storage section 25 through the image 
data bus DB2 in the order obtained. Thereafter, the 
averaged concentrations in the ROI are measured. Fur 
thermore, the image data are applied to the image dis 
play unit 5 via the image data bus DB3 for display, to 
the selector 26 and to the image data bus DB5. FIGS. 
7A-7C illustrate the above operation. 
FIG. 7A shows the time-elapse characteristic curve 

of the image concentrations in the ROI. In FIG. 7A, the 
cardiac beat and the change in the contrast medium 
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concentration are displayed. Image acquisition timings 
for projecting the X—ray are indicated by reference 
numerals 41 and 42 in FIG, 7B. At the image acquisition 
timing 41, the images are acquired before the injection 
of the contrast medium for two cardiac cycles, and at 
the image acquisition timing 42, the images are obtained 
after the injection of the contrast medium for three 
cardiac cycles. R waves of the cardiac beat are shown 
in FIG. 7C. 

After the X-ray irradiation, the averaged concentra 
tions are sequentially stored in one frame memory of the 
image storage section 25 and are also applied to the 
image display unit 5 for display thereby. Simulta 
neously, these concentrations are applied to the device 
22 via the image data bus DB3 or DB4. 

In this device 22, the cardiac beat phase numbers are 
corresponded to the cardiac image numbers, and these 
corresponded numbers are applied to the image pro 
cessing controller 20 under control of a control signal 
line U. 
The image processing controller 20 applies the 

weighting coef?cients G1 and G2 to the background 
removing device 23 under control of a control signal P3 
in accordance with the pulsatory cardiac movement 
information supplied from the device 22 and the aver 
aged concentrations supplied from the image storage 
section 25, the cardiac image numbers of the mask im 
ages MI(i) and the contrast image CI(i) synchronized 

, with each cardiac phase are sequentially supplied to the 
background removing device 23 through the image data 
buses DB3 and DB4. 
The background removing device 23 which performs 

the image processing operation between the mask and 
contrast images (MI(i), and CI(i)) synchronized with 
each cardiac phase then processes the substracted im 
ages (SI(i)) and removes the background which does 

- not contain the injected contrast mediums as shown in 
7: FIG. 3. 

In other words, the mask images MI(i) and the con 
;iiwl trast images CI(i) in one phase timing (i) are calculated 
l Jand SI(1')=MI(1')—CI(1) determined by the background 

vremoving device 23 as to K frame images in one cardiac 
beat. The weighting coef?cients G1 and G2 are set to 1 
and — 1, and the subtracted images SI(i) obtained by the 
above calculation are stored in the image storage sec 
tion 25 via the image data bus DB2. ' 
The substracted images SI(i) stored in the storage 

section 25 are simultaneously supplied to the image 
display unit 5 through either of the image data buses 
DB3 or DB4 and the selector 26 for display by the 
image display unit 5. 

Next, the process for calculating the amplitude and 
the phase images AI and PI from the the subtracted 
images SI(i) in one cardiac beat is illustrated in FIGS. 5 
and 6. 
Assuming that the substracted images SI(i) have K 

frames in one cardiac beat and the cardiac beat period is 
represented as T~K, the time of K-the frame of sub 
tracted image SI(k) is expressed as t=(k—1)T when 
(lékéK) where T indicates the image sampling time 
interval. 

If the image pixel concentration value located in (x, 
y) coordinates is de?ned as PC (x, y, t), the time change 
of PC (x, y, t) is approximated by the following equation 
(2): 

(2) 
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8 
The coef?cient a1 and b1 included in the equation (2) 

can be calculated by following equations (3) and (4) 

k _ (4) 
bl = (Z/K) k5‘ PC [x, y. (k - 1m sln[21r(k - 1)/K 

Here, where 

A1 = ‘l 012 + 1;]2 

and P1=tan~l (bl/d1), then the equation (2) can be 
converted to the following equation (5): 

PC(x. y, l)=a0/2+Al sin (21r1/KT+P1) (5) 

A1 and P1 respectively indicate values of amplitude and 
phase of PC(x, y, t). 

Next the sequential operation for calculating the co’ 
ef?cients a1 and b1 is explained. 
The data in one frame memory of the image storage 

section 25 is cleared to zero. The zero cleared data SI(0) 
are supplied to the time ?ltering device 242 in the de 
vice 24 through the image data bus DB3. The ?rst sub 
tracted image data SI(l) is also supplied to the time 
?ltering device 242. The device 242 multiplies the zero 
cleared data SI(0) by the weighting coef?cient F0 and 
the ?rst image data SI(I) by the coef?cient F1. The two 
multiplied image data are added, and thereafter the 
added image data are stored in the image storage section 
25 through the data bus DB2. 
At the next step, the device 242 reads the added data 

and the second subtracted image data SI(2) from the 
section 25, multiplies the same by F0 and F2, respec 
tively, and stores the sum of the multiplied data in sec 
tion 25. This operation is repeated until k becomes K. In 
this operation a1 image data a1(x, y) are produced. Now 
assuming that image data SI(0) are all 0 and F0 is l. The 
a1 image data a1(x, y) are represented as follows, 

k 
al(x, y) = kgl Fk -SI(k), 

A similar operation is performed to obtain b1 image 
data. The difference between a1 image data and b1 
image data is that for b1 image data Fk is de?ned as 
follows, 

Fk=(2/K) sin (21(k- 1)/K). 

Therefore, b1 image data, b1(x, y), are represented as 
follows, 

I k 

b1(x,y) = (2/K) kg 1 sin(2t(k - 1)/K) - PCIx.y,(k - on 

These image data a1(x, y) and b1(x, y) are stored in the 
section 25. 

Next, the calculated a1 image data a1(x, y) stored in 
the image storage section 25 are supplied to the ampli 
tude imaging device 11 through the data bus DB3, and 
the calculated b1 image data b1(x, y) stored in the image 
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storage section 25 are also supplied to the amplitude 
imaging device 11. The device 11 determines the square 
root of the sum of the square of the two image data to 
obtain amplitude image Al(x, y) 

The calculated image AI(x, y) is stored in the image 
storage section 25 via the data bus DB2. 

Similarly, the al image data al(x, y) and the bl image 
data b1(x, y) are supplied to the phase imaging device 12 
to obtain a phase image P1(x, y)(=tan—1(b1(x, y)/a1(x. 
y))). The calculated image Pl(x, y) is stored in a frame 
memory different from the frame memory of the image 
AI(x, y) in the image storage section 25. 
The amplitude image Al(x, y) and phase image Pl(x, 

y) are supplied to the selector 26 via the image data 
buses DB3 and DB4 for display thereof. 

In these images Al(x, y) and PI(x, y) abnormal por 
tions of amplitude and/or phase of the cardiac beat 
movement in the ROI are indicated brighter than the 
normal portions. Further, the abnormal portions may be 
indicated in different color from the normal portions, by 
a device for converting images into colored areas. 
As the above speci?c embodiment of the present 

invention has been described, since the amplitude image 
and the phase image can be obtained by using one car~ 
diac beat of X-ray cardiac penetrating image, and these 
images can be displayed with high speed, the cardiac 
function can be measured and evaluated quantitatively. 
Moreover, since the background of the X-ray penetrat 
ing images are removed by way of a subtracting opera 
tion between the mask images and the contrast images 
synchronized with the cardiac phase of the subject, the 
artifact according to the difference of the cardiac beat 
movement is less. Furthermore, the accuracy of the 
amplitude and phase images are high enough to enable 
diagnosis of the condition of the heart. 
The present invention is not limited to the embodi 

ment above described and shown in the accompanying 
drawings, but various changes and modi?cations may 
be made within the spirit and scope of the present inven 
tion. 
For example, in the above embodiment, time-change 

data of image concentration are obtained to de?ne the 
cardiac beat period. However, a cardiograph unit can 
be used to obtain a period of cardiac beat. As indicated 
by the broken line FIG. 1, the cardiograph unit 10 is 
connected to the timing controller 6. 
FIG. 8 shows an internal circuit of the timing control 

ler 6. In FIG. 8, an output signal (i.e., cardiac beat sig 
nal) from a cardiograph unit 10 is supplied to an R wave 
detector 61. Thus, an R-wave component in a cardic 
cycle is detected. The R-wave component is supplied to 
process control signal generator 62 which generates 
control signals. These control signals are mainly sup 
plied to an image processing unit 4. In this way, the 
detector 22 in the image processing unit 4 may be omit 
ted. 

Also, a linear Fourier function conversion was used 
to obtain the amplitude and the phase images. However, 
the amplitude and the phase images can be obtained 
using a high-degree Fourier function conversion in 
which the weighting coef?cients Fk are changed to 
high degree sine and cosine functions in the device for 
biological functions. 
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Furthermore, in the above described embodiment, 

the image processing unit was formed of the device for 
producing time-elapse characteristic data of image con 
centration, the device for detecting cardiac beat period, 
the background removing device and the device for 
measuring biologic functions. However, the function of 
the image processing unit in obtaining the amplitude 
and phase images can be performed directly by the 
biological function measuring device in the period of 
one cardiac beat. However, in this case diagnosis ef? 
ciency is somewhat inferior to the above embodiment. 

Obviously, numerous additional modi?cations and 
variations of the present invention are possible in light 
of the above teachings. It is therefore to be understood 
that within the scope of the appended claims, the inven 
tion may be practiced otherwise than as speci?cally 
described herein. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. An apparatus for examining a subject by applying 

radiation to said subject in synchronism with a cardiac 
beat phase thereof, comprising: 
means for generating radiation; 
means for controlling the radiation generating means 

so as to project the radiation toward the subject at 
a predetermined time period; 

means for detecting the radiation which has been 
transmitted through the subject and for producing 
successively radiation transmission images thereof 
as digital image signals; 

means for temporarily storing a plurality of digital 
image signals that have been acquired at least dur 
ing one cardiac beat period respectively before and 
after a radiation contrast medium arrives in a re 
gion of interest within the subject; 

means for detecting the cardiac beat period of the 
subject; 

means for quantitatively measuring the biological 
function of the subject based on the digital image 
signals acquired at least during one cardiac beat 
period before and after the penetration of radiation 
contrast medium into the subject including a time 
?ltering processor for repeatedly multiplying said 
digital image signals by respective weighting coef 
?cients and adding said subsequent multiplied sig 
nals successively over the one whole cardiac per 
iod in synchronism with a given cardiac beat phase 
to produce time-?ltered image signals; and 

means for displaying the biological function of the 
subject based on said time-?ltered image signals. 

2. An apparatus as claimed in claim 1, wherein said 
means for detecting the cardiac beat period of the sub 
ject comprises: 

means for producing data on time-elapse characteris 
tics of image concentration from each of the digital 
image signals acquired at least during one cardiac 
beat period before and after the radiation contrast 
medium arrives in said region of interest; and 

means for detecting the cardiac beat period from said 
data on time-elapse characteristics of image con 
centration. 

3. An apparatus as claimed in claim 1, wherein said 
means for detecting the cardiac beat period of the sub 
ject comprises a cardiograph unit. 

4. An apparatus as claimed in claim 3, further com 
prising: 

an R-wave detector for detecting R-waves of cardiac 
beat derived from the cardiograph unit; and 
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an R-wave counter for counting detected R-waves of 
cardiac beats. 

5. An apparatus as claimed in claim 1, wherein said 
biological function measuring means comprises: 
means for calculating amplitude image data and phase 5 
image data based on said time-?ltered image signals 
so as to enable quantitative diagnosis of the subject. 

6. An apparatus as claimed in claim 5, wherein said 
biological function measuring means comprises: 

?rst and second multipliers for multiplying by ?rst 
and second ?lter weighting coef?cients the digital 
image signals acquired at least during one cardiac 
beat period before and after arrival of the radiation 
contrast medium in a region of interest in said sub 
ject; and 

an adder for adding the image signals multiplied by 
said ?rst weighting coef?cient to the image signals 
multiplied by said second weighting coef?cient so 
as to obtain background removed digital image 
signals applied to said time-?ltering processor. 

7. An apparatus as claimed in claim 5, wherein said 
time-?ltering processor produces ?rst image data and 
second image data, and wherein said amplitude image 
calculation means comprises: 
means for squaring the ?rst image data and the sec 
ond image data obtained by said time-?ltering pro 
cessor; 

adder means for adding the squared ?rst image data 
and the squared second image data; 3 

a square root calculation device for calculating the 
square root of the sum of the squared ?rst image 
data and the squared second image data; and 

gray-level converter means for converting said 
square root to gray-level amplitude image data 3 
having density information. 

8. An apparatus as claimed in claim 5, wherein said 
time-?ltering processor produces ?rst image signals and 
second image signals, and wherein said calculating 
means comprises: 

a reciprocal device for obtaining the reciprocal of the 
?rst image data; 

a multiplier for multiplying said reciprocal of the ?rst 
image data by the second image data to obtain the 
product thereof; 

arc-tangent calculation means for determining the 
arc-tangent of said product; and 

gray-level converter means for converting the calcu 
lated arc-tangent to gray-level phase image data 
having density information. 

9. An apparatus as claimed in claim 1, further com 
prising: 
means for removing background image data between 

the digital image signals respectively acquired at 
least during one cardiac beat period before and 
after arrival of a radiation contrast medium in a 
region of interest in the subject. 

10. An apparatus for examining a subject by applying 
radiation to said subject in synchronism with a cardiac 
beat phase thereof, comprising: 
means for generating radiation; 7 , 

means for controlling the radiation means so as to 
project the radiation toward the subject at a prede 
termined time period; 

means for detecting the radiation which has been 65 
transmitted through the subject and for producing 
successively radiation transmission images thereof 
as digital image signals; 
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means for temporarily storing a plurality of digital 
image signals that have been acquired at least dur 
ing two cardiac beat periods of the subject; 

means for detecting the cardiac beat period of the 
subject; 

means for measuring a biological function based on 
the digital image signals acquired at least during 
two cardiac beat periods, including a time-?ltering 
processor for repeatedly multiplying said digital 
image signals by respective weighting coef?cients 
and adding said subsequent multiplied signals suc 
cessively over the one whole cardiac period in 
synchronism with a given cardiac beat in each of 
the two different cardiac beat periods so as to ob 
tain time-?ltered digital image signals; and 

means for diplaying the biological function based on 
the time-?ltered digital image signals. 

11. An apparatus as claimed in claim 10, wherein said 
means for detecting the cardiac beat period of the bio 
logical unit comprises a cardiograph unit. 

12. An apparatus as claimed in claim 11, further com 
prising: 

an R-wave detector for detecting R-waves of cardiac 
beats derived from the cardiograph unit; and 

an R-wave counter for counting detected R-waves of 
cardiac beats. 

13. An apparatus as claimed in claim 10, wherein said 
biological function measuring means comprises: 
means for calculating amplitude image data and phase 
image data so as to enable quantitative diagnosis of 
the subject based on the time-?ltered digital image 
signals. 

14. An apparatus as claimed in claim 13, wherein said 
biological function measuring means comprises: 

?rst and second multipliers for multiplying by ?rst 
and second ?lter weighting coef?cients the digital 
image signals acquired at least during two cardiac 
beat periods prior to a given cardiac beat period; 
and 

an adder for adding the imge signals multiplied by the 
?rst weighting coef?cient to the image signals mul 
tiplied by the second weighting coef?cient so as to 
obtain a background removed digital signals ap 
plied to said time-?ltering processor. 

15. An apparatus as claimed in claim 13, wherein said 
time-?ltering processor produces ?rst image data and 
second image data, and wherein said calculating means 
comprises: 
means for squaring the ?rst image data and the sec 
ond image data; 

an adder for adding the squared ?rst image data and 
the squared second image data; 

a square root calculation device for calculating the 
square root of the sum of the squared ?rst image 
data and the squared second image data; and 

gray-level converter means for converting said 
square root to gray-level amplitude image data 
having density information. 

16. An apparatus as claimed in claim 13, wherein said 
time-?ltering processor produces ?rst image data and 
second image data, and wherein said calculating means 
comprises: . 

a reciprocal device for obtaining the reciprocal of the 
?rst image data; 

a multiplier for multiplying said reciprocal of the ?rst 
image data by said second image data to obtain the 
product therof; 
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arc-tangent calculation device for determining the 
arc-tangent of said product; and 

gray-level converter means for converting the deter 
mined arc-tangent to gray-level phase image data 
having density information. 

17. A method for measuring biological function of a 
region of a subject, comprising: 

obtaining a plurality of mask image signals in a com 
plete cardiac period before an X-ray contrast me 
dium arrives in the region of the object; 

obtaining a plurality of contrast image signals in an 
other complete cardiac period after the X-ray con 
trast medium arrives in said region; 

producing background removed image signals sub 
stantially affected by the contrast medium by sub 
tracting the mask image signals from the contrast 
image signals in synchronization with the cardiac 
phase; 

approximating a time-change of the background re 
moved image signals into at least a ?rst Fourier 
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component image signal of a Fourier series repre 
sentation thereof, 

wherein the Fourier series of background removed 
image signals PC((x, y, t) is de?ned as follows: 

and the first Fourier component is given by: 

al cos (21n/Kt)+bl sin (Zn/Kt), 

where a1 and b1 are coefficients and K is the num 
ber of data frames in the cardiac periods, compris 
ing 

producing said a1 and b1 coefficients by repeatedly 
multiplying the background removed image signals 
by respective weighting coef?cients and adding the 
subsequently multiplied signals over the whole 
cardiac period in synchronism with a given cardiac 
beat phase; and 

calculating at least one image of amplitude and phase 
of the ?rst Fourier component image signal. 

* t i i i 


